CD68 is a heavily glycosylated glycoprotein that is highly expressed in macrophages and other mononuclear phagocytes. Traditionally, CD68 is exploited as a valuable cytochemical marker to immunostain monocyte/macrophages in the histochemical analysis of inflamed tissues, tumor tissues, and other immunohistopathological applications. CD68 alone or in combination with other cell markers of tumor-associated macrophages showed a good predictive value as a prognostic marker of survival in cancer patients. Lowression of CD68 was found in the lymphoid cells, non-hematopoietic cells (fibroblasts, endothelial cells, etc), and tumor cells. Cell-specific CD68 expression and differentiated expression levels are determined by the complex interplay between transcription factors, regulatory transcriptional elements, and epigenetic factors. Human CD68 and its mouse ortholog macrosialin belong to the family of LAMP proteins located in the lysosomal membrane and share many structural similarities such as the presence of the LAMP-like domain. Except for a second LAMP-like domain present in LAMPs, CD68/microsialin has a highly glycosylated mucin-like domain involved in ligand binding. CD68 has been shown to bind oxLDL, phosphatidylserine, apoptotic cells and serve as a receptor for malaria sporozoite in liver infection. CD68 is mainly located in the endosomal/lysosomal compartment but can rapidly shuttle to the cell surface. However, the role of CD68 as a scavenger receptor remains to be confirmed. It seems that CD68 is not involved in binding bacterial/viral pathogens, innate, inflammatory or humoral immune responses, although it may potentially be involved in antigen processing/presentation. CD68 could be functionally important in osteoclasts since its deletion leads to reduced bone resorption capacity. The role of CD68 in atherosclerosis is contradictory.
material. 8 However, so far, the function of LAMPs is yet to be fully investigated.
The function of CD68 is poorly investigated but its preferential location within late endosomes may suggest a role in peptide transport/antigen processing. 9 Murine CD68/ macrosialin was shown to be mainly located in intracellular pools (85-90%) , which exchange at a high rate with CD68 expressed on the surface. 10 As estimated, 5000 CD68 molecules can be expressed on the surface of macrophages. 11 As was shown in cultured monocyte THP-1 cells, surface CD68 binds oxidized low-density lipoprotein (oxLDL) suggesting a putative role as a receptor for oxLDL. 12 This property of CD68 can be disrupted by anti-CD68 monoclonal antibodies. However, so far, the role of CD68 as a receptor for oxLDL has not been confirmed in vivo or in vitro with the purified protein. 13 CD68 is well known as a myeloid-specific surface marker, especially abundantly expressed by macrophages. 14 However, cytochemical studies showed that non-myeloid cells can also express CD68 but to a lesser extent than myeloid cells. 15 In this review, we consider CD68 structure and expression in myeloid and non-myeloid cell types along with its role in normal and pathological conditions.
CD68 STRUCTURE AND EXPRESSION
The 2.6-kb-long human CD68 gene is located on chromosome 17p13 and comprises six exons. 1 The 1.9-kb-long murine macrosialin/CD68 gene is located on chromosome 11 also containing six exons. 16 The mouse gene lacks a classical TATA-box but contains other transcriptional regulatory sites consistent with preferential monocyte/macrophage gene expression. In the human CD68 gene, intron 1 serves as a macrophage-specific transcriptional enhancer. Intron 1 of the mouse gene lacks this capacity thereby suggesting different organization of transcriptional regulatory regions in the human and murine CD68 genes. 17 
Role of Transcription Regulatory Sites and Transcription Factors in Cell-Specific Expression of CD68
In the bone marrow, expression of CD68 along with other macrophage-specific genes is induced by macrophage/granulocyte-macrophage colony-stimulating factors (M-CSF/GM-CSF) in common myeloid progenitors during diversification between lymphoid and myeloid lineages. 18, 19 In mouse, CD68 + lin − plasmacytoid monocytes highly expressing CD68 but lacking other myeloid surface (CD14 − , CD33 − , CD13 − , CD11b
− , CD11c − ) and lysosomal (myeloperoxidase and lysozyme) markers have been observed. These cells represent primary precursors of dendritic cells (DCs) since they may differentiate into typical DCs upon stimulation with IL-3 and CD40 ligand. 20 CD68 is highly expressed in cells of the mononuclear phagocyte lineage including macrophages, microglia, osteoclasts, and myeloid dendritic cells (DCs). 18 Recently, Iqbal et al 21 reported construction of human promoter CD68 green fluorescent protein (GFP) in mice that provides a possibility to observe trafficking of CD68/GFP-positive monocytes and their differentiation to macrophages in vivo. PU.1, an ETS-domain transcription factor that activates gene expression during myeloid and B-lymphoid cell development along with c-Jun drive expression of the murine CD68 gene and C-Jun is required for maximal expression of CD68 in monocytic cells. 22 The murine CD68 promoter region contains several regulatory elements between − 7.0 and − 2.5 kb from the transcriptional start site, which have strong enhancer activity in macrophages and repressor activity in non-myeloid cells. E26 transformation-specific related transcription factor (Elf-1) and Friend leukemia integration 1 transcription factor (Fli-1), also cooperates with PU-1 in priming CD68 expression. 23 The proximal -150-bp sequence of the mouse CD68 promoter exhibits high level promoter activity in macrophages. Ets factors (Elf-1 and Fli-1) associate with the -106-bp site while PU.1 binds to the -89-bp site that represents a composite element also recognized by interferon-regulatory factors (IRFs). 23 In hematopoietic cells, IRF-4 and IRF-8 are specifically expressed driving development of myeloid and lymphoid lineages. Both IRFs are able to form heterocomplexes with PU.1. 24 However, binding of PU.1/IRF-4 or PU/IRF-8 to the -89 site results in the inhibition of CD68 expression in vitro. Chromatin immunoprecipitation data revealed that neither IRF-4 nor IRF-8 associate with the CD68 -89 site in macrophages in vivo but IRF-4 is associated with this site in B cells causing inhibition of CD68 expression. 23 In addition to high expression in the mononuclear phagocyte lineage, considerably lower levels of CD68 are expressed in lymphoid cells such as CD19 + B lymphocytes and CD4 + T lymphocytes. CD68 expression was also found in granulocytes such as basophils (taken from patients with myeloproliferative disorders) and intestinal neutrophils derived from inflamed sites of patients with inflammatory bowel disease. CD68-positive neutrophils were almost absent in the normal mucosal tissue. 25 The analysis of the distribution and phosphorylation state of polymerase II across the CD68 gene showed that chromatin architecture greatly influences transcription of CD68 in permissive (ie, monocytoid) and non-permissive (ie, lymphoid) cell lines by promoting CD68 expression in monocytoid cells and inhibiting transcription in lymphoid cells. 26 Indeed, chromatin architecture is likely to permit inhibitory binding of IRF-4 to the CD68 promoter in lymphoid cells.
Low expression of CD68 was found in several nonhematopoietic cell types including human umbilical cord mesenchymal stem cells, 27 fibroblasts, endothelial cells, and various tumor cell lines, 15 as well as intimal smooth muscle cells of human arteries. 28 Indeed, finding of CD68 in many non-myeloid cell types questions the mononuclear phagocyte lineage specificity of this surface marker even though CD68 expression is much stronger in myeloid cells. The analysis of CD68 transcripts in different cell types showed that fibroblasts preferentially produce the longest mRNA 2 The murine macrosialin/CD68 is closely related to human CD68 sharing 72.0% identity and 80.6% similarity in amino acid sequence. 1 Like in human CD68, the extracellular domain of murine macrosialin has a bipartite structure divided by the proline hinge. In human CD68 and mouse macrosialin, the membrane-proximal LAMP-like domain is compact and includes four regularly spaced cysteines (36-37 residues apart). The cysteine positions are highly conserved in LAMP proteins and contribute to the formation of disulfide bridges between the first and second and between the third and fourth cysteines. 29, 30 However, compared with LAMPs, CD68 and macrosialin contain only one LAMP-like domain. Another LAMP member, DC-LAMP, is also abundantly expressed in DCs and also has a single LAMP-like domain. 31 Compared with human CD68, human DC-LAMP is longer as it comprises 416 a.a. In addition, human DC-LAMP contains seven N-glycosylation sites and 34 O-glycosylation sites. Human CD68 has a total of 29 and nine O-and N-glycosylation sites respectively. While CD68 is rather an endosomal protein, DC-LAMP is located in lysosomes. 31 In fact, DC-LAMP is a nonspecific marker of DC maturation because it appears before the translocation of the major histocompatibility (MHC) class II molecules to the cell surface, after which it accumulates into perinuclear lysosomes. This may suggest that DC-LAMP might change the lysosome function after the transfer of peptide-MHC class II molecules to the surface of DCs, a sign of the DC maturation. DC-LAMP is involved in the control of MHC class II antigen presentation in DCs through the regulation of MHC IIpeptide complex formation and expression on the plasma membrane. 32 Probably, the involvement in the control of the presentation/degradation of some antigens can be related to CD68 due to the close structural similarity with DC-LAMP. However, this needs to be verified.
The principal scheme of the domain organization of murine macrosialin and human proteins LAMP-1, LAMP-2, DC-LAMP, and CD68 is provided in Figure 1 . It is predicted that all LAMP family proteins contain LAMP domains of similar structure (Figure 2) . 31, 33 The DC-LAMP domain consists of two β-sheets. 33 The domain's N-and C-termini are located on the 'front' β-sheet, which consists of six β-strands. The β-strands S1 and S3 are short and arranged in tandem, antiparallel to strand S2. Two more antiparallel β-strands, S10 and S9, are followed by the short C-terminal β-strand S11, which is arranged in parallel to S9. 33 The C-terminal 10-residue tail (RRRFSAYQAL in human CD68 and RRRQSTYQPL in murine macrosialin), is highly conserved in LAMPs indicating lysosomal-specific targeting. While some lysosomal membrane proteins are delivered to lysosomes indirectly (through endocytosis), others such as CD68 reach endosomes/lysosomes primarily from the transGolgi network in clathrin-coated vesicles. 34 The mucin-like domain is enriched with serine and threonine residues (up to 43% of a total domain a.a. content), a characteristic of mucinlike molecules with high rate of O-glycosylation. 35 CD68 Glycosylation CD68 is highly glycosylated. Both human and murine molecules contain nine putative sites for N-glycosylation four of which are located in the LAMP domain. The number of O-glycosylation sites is much higher (up to 29 in human CD68 and 26 in mouse macrosialin) ( Figure 1 ). All O-glycosylation sites are resided in the mucin-like domain. 1 In murine macrosialin, the molecular mass of the polypeptide backbone is only 35 kDa while the entire mass of mature glycoprotein varies from 90 to 120 kDa. The largest contribution to the mass of the mature macrosialin comes from both O-and N-linked sugars (40% and 20-25%, respectively), with only about one-third coming from the polypeptide backbone. 36 The differential glycosylation of CD68 is extensively regulated during macrophage activation that results in acquiring numerous O-linked terminal sialic acid residues and N-linked polylactosaminoglycans. 37 In rat resident peritoneal macrophages, basal expression of CD68 is low but can be greatly upregulated in response to inflammatory stimuli. Accordingly, CD68 glycosylation is extensively remodeled during proinflammatory activation giving rise to both O-linked and N-linked glycosylation. 36 In mouse CD68, phagocytosis increases the complexity and length of O-linked chains that results in increase of ligand-binding capacity (ie, binding of plant agglutinins) by peritoneal macrophages. 38 For example, phagocytosis of zymosan, a fungal surface glucan, increases the specific incorporation of D- [2-3H] mannose, D- [6-3H] 
-3H]fucose into the polysaccharide portion of CD68, thereby inducing the differential glycosylation of this receptor. 38 The glycosylation rate and qualitative composition significantly influences structural and functional properties of glycoproteins. For example, increased glycosylation of the IgG constant fragment (Fc) greatly modulates binding to cellular Fc receptors and complement activation by IgG switching IgG activity from proinflammatory to anti-inflammatory. 39, 40 Glycosylation contributes to correct antigen recognition by a T-cell receptor in an immunological synapse. 41 For LAMP-2, increased N-linked polylactosamine glycosylation of a newly synthesized protein delays its passage through the Golgi apparatus. The residence time in the Golgi apparatus inversely correlates with the glycosylation rate of LAMP-2. 42 N-linked glycosylation preserves LAMP-1 and LAMP-2 from degradation since deglycosylation leads to rapid removal of both proteins. 43 However, it remains unclear in which cellular compartment this occurs and which proteases are involved. Similarly, N-glycosylation could have a protective role to prevent the degradation of de novo synthesized CD68 during its lysosomal translocation from the Golgi network. In cytotoxic cells, glycosylated LAMP-1 was shown to protect cytotoxic lymphocytes from self-destruction during the release of cytotoxic granules (CGs) because CG-associated LAMPs appear on the cell surface after CG exocytosis. 44 Accordingly, CD68 upregulation seen in activated neutrophils could also contribute to protection against self-damage during CG release. Finally, elevated CD68 glycosylation should strengthen its ligand-binding properties.
CD68 FUNCTION: DOES CD68 CONTRIBUTE TO ATHERO-SCLEROSIS AND FOAM CELL FORMATION?
Macrophages, due to their primary involvement in the clearance of pathogens, cytotoxic molecules, and dead cells, have developed a repertoire of various scavenger receptors (SRs) with the capability to sense a broad spectrum of ligands. 45 CD68 was also considered as a member of the family of SRs as a scavenger receptor type D (SCARD) 46 because (i) CD68 can be significantly upregulated in macrophages responding to inflammatory stimuli; 23, 36 (ii) Figure 1 A scheme shows the general features of the domain organization of murine macrosialin and human proteins LAMP-1, LAMP-2, DC-LAMP, and CD68 and depicts the principal differences between the family members. N-glycans and O-glycans are indicated by red and green Ys, respectively. The structure of the LAMP domain is well known; 31,33 the domain folds into a compact β-sheet sandwich. It is essential to note that the LAMP domain does not reach far into the vesicle lumen but is a compactly folded unit directly adjacent to the membrane. As shown in the scheme, each molecule contains the short C-terminal cytoplasmic tail and the transmembrane domain. The main portion of the molecule is located in the lumen of lysosomes/ endosomes. The luminal portion of DC-LAMP, CD68, and macrosialin contain the LAMP-like domain and the mucin-like domain linked by a proline-rich hinge. LAMP-1 and LAMP-2 have two LAMP-like domains separated by the proline-rich hinge. The length of the amino acid (a.a) sequence of each protein is shown in brackets. Please note that the LAMP-like and mucin-like domains of DC-LAMP are located very close to the membrane, not being projected too far to the lumen space. The linker between the two LAMP domains in LAMP-1 and LAMP-2 was predicted to adopt rather an elongated conformation and it is not folded as drawn in the scheme. The actual structural organization of the DC-LAMP domain can be seen in Figure 2 . Please note also that mucins are known to be very proline rich, so that it is questionable if a mucin-like domain and a proline-rich hinge domain of CD68, DC-LAMP, and macrosialin should be distinguished.
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CD68 is able to bind modified LDL, phosphatidylserine, and apoptotic cells; 12, 47, 48 (iii) CD68 can rapidly shuttle between the plasma membrane and endosomes. 10 Indeed, the intrinsic ability of CD68 to bind and internalize oxLDL provided an option to consider its putative role in atherogenesis and intracellular lipid accumulation. The possible involvement of CD68 in atherosclerosis was shown in in vitro and in vivo experiments. In cultured mouse resident peritoneal macrophages, exposure to oxLDL and minimally oxidized LDL stimulated expression of macrosialin. 49 THP-1 monocytic cells exposed to oxLDL had upregulated expression of scavenger receptors CD36, CLA-1, and CD68 (but not LOX-1 and SR-A1) and increased oxLDL uptake. 50 In vivo studies that assessed a role of CD68 in atherosclerosis were performed in APA hamsters that develop atheromatous plaques in streptozotocin-induced diabetes. In such a model of diabetic atherosclerosis, rabbits develop early lesions (fatty streaks) by 6 weeks after streptozotocin administration along with hyperlipidemia. 51 In diabetic hamsters, Yamanouchi et al 52 observed expression of SR-AI, CD68, and receptor for advanced glycation endproducts (RAGE) mRNA in foam cells accumulated in early atherosclerotic lesions. Indeed, these observations suggested a likely role of CD68 in foam cell formation.
De Beer et al 53 observed marked upregulation of hepatic macrosialin expression in atheroprone C57BL/6 and atheroresistant C3H/HeJ mice fed an atherogenic high-fat diet.
However, overproduction of transgenic macrosialin in COS-7 and CHO cells led to significant surface expression but no binding of oxLDL to macrosialin. Inhibition of macrosialin did not affect the binding of oxLDL to macrophages. 53 Song et al 54 reported that CD68-deficient mononuclear phagocytes showed a potent lipid uptake thereby indicating no significant role of murine CD68 in lipid internalization. Indeed, more recent studies disputed the involvement of CD68 in atherogenic foam cell formation.
It is possible that CD68 has a significant role in diabetesassociated cardiovascular pathology but this should be evaluated in diabetic patients. It would also be interesting to characterize the consequences of CD68 deletion in Apolipoprotein E (ApoE)-or LDL receptor-deficient mice, ie, established mouse model of atherosclerosis.
CD68: A ROLE IN INFLAMMATION AND IMMUNITY
CD68 is routinely used as a histochemical/cytochemical marker of inflammation associated with the involvement of monocytes/macrophages. 55 CD68 was also used to identify cells of macrophage lineage such as tissue histiocytes, multinucleated giant cells, Kupffer cells, and osteoclasts. 56 CD68 may be used in combination with transcription factor markers, pSTAT1, RBP-J, and CMAF to discriminate M1 and M2 macrophage polarization in vivo. 57 Ultrastructural studies of human atherosclerotic lesions demonstrated that CD68 is mostly located in lysosomes (Figure 3) . 58, 59 In contrast to macrophages, 59 CD68 is not expressed by dendritic cells (DCs) 14, 60 and this helps to immunohistochemically distinguish these two cell types, both of which have antigenpresenting capabilities. Several studies have shown significant upregulation of CD68 expression in macrophages in response to inflammatory stimuli such as exposure to oxLDL 12, 49, 50 and chronic stimulation with bacterial lipopolysaccharide (LPS) or inflammatory cytokine interferon-γ (IFN-γ). In microglial cells (brain tissue-resident macrophages), CD68 expression was stimulated by LPS and IFN-γ in a Toll-like receptor 4 (TLR4)-dependent manner. 61 CD68 was also upregulated in inflammatory neutrophils from patients with inflammatory bowel disease. 25 However, no CD68-specific functional effects were investigated upon CD68 upregulation in inflammatory myeloid cells.
Song et al 54 comprehensively assessed immune and inflammatory properties of CD68-deficient murine myeloid cells. Like wild-type macrophages, CD68-lacking mouse macrophages exhibited normal phagocytic activity towards killed bacteria Staphylococcus aureus and failed to show defective innate response to infection by Listeria monocytogenes, Legionella pneumophila, and vesicular stomatitis virus. CD68-deficient macrophages showed inflammatory responses equivalent to those of wild-type macrophages. Finally, CD68-deficient DCs demonstrated normal capacity to present antigens and induce humoral immune responses. 54 Altogether, the findings of Song et al 54 suggest no apparent role Figure 2 The β-strand arrangement of the DC-LAMP domain. The 'front' and 'back' β-sheets are drawn in red and blue, respectively. The cysteines that form the first disulfide bond (S-S) are labeled. The β-strands and loops are identified as S1 to S11 and L1 to L3, respectively. The topology of the β-sheets is drawn schematically in the lower part with sheets opened out. (This figure is reproduced from Wilke et al, 33 with permission from BioMed Central). for CD68 in inflammatory responses of innate and humoral immunity.
However, recently, Cha et al 62 reported finding a peptide P39 by a phage-display library screen. This peptide is able to bind to CD68, a potential receptor for malaria sporozoite, and inhibit entry of the sporozoite to Kupffer cells (liver tissue resident macrophages). Thus, this suggests a role of CD68 as a major gateway for hepatic malaria infection.
Interestingly, Song et al 54 observed that CD68-deficient mononuclear phagocytes showed an increased antigen presentation to CD4 + T cells suggesting that CD68 might negatively regulate either antigen uptake and loading or MHC class II trafficking. The role of CD68 in antigen processing is unknown. However, there are some data suggesting the involvement of LAMPs that are structurally close to CD68 in related activities. It has been suggested that LAMP-1/2 regulates phagosome-lysosome fusion and the formation of phagolysosomes. 63 Immuno-electron microscopy has shown that LAMP-1 and LAMP-2 are concentrated in adapter protein 3 (AP-3) positive membrane domains associated with budding profiles that emerge from a tubular endosomal compartment. 64 During DC maturation, LAMP-2 controls transfer of MHC class II molecules from cytoplasmic stores (ie, from multivesicular bodies where MHC class II molecules are loaded by an antigen) to CD68-containing tubules from which antigen-loaded MHC molecules are delivered to the surface to present an antigen. 9,65 Interestingly, Lin et al 66 showed constitutive expression of CD68 along with other key components of the antigen processing/presenting system in small intestinal epithelial cells involved in constitutive processing and presentation of intestinal antigens. All these components were located in vesicular-like structures. This observation suggests a putative involvement of CD68 in antigen processing/presentation.
In summary, the role of CD68 in inflammation and immunity is still mysterious. A study performed by Cha et al 62 showed that CD68 can serve as a receptor for binding malaria sporozoite, which promotes subsequent infection of resident hepatic macrophages. Data obtained by Song et al 54 indicate a lack of any involvement of macrosialin/CD68 in inflammatory responses to bacterial/viral pathogens and innate/ humoral immunity. However, Song et al 54 did propose a potential role of CD68 in antigen processing and presentation. Indeed, since CD68 is able to bind and internalize oxLDL, it would be interesting to investigate whether CD68 is involved in the processing and presentation of oxLDL-derived antigenic peptides. If so, this may suggest involvement of CD68 in the production of anti-oxLDL antibodies in atherosclerosis.
CD68 IN OSTEOCLASTS
Osteoclasts represent a bone-specific population of tissueresident macrophages involved in bone maintenance, repair, and remodeling. They remove and dissolve protein/mineral aggregates in a process called bone resorption. 67 Imbalance in skeletal turnover when bone resorption exceeds bone formation leads to osteoporosis, a disease associated with decreased density and increased fragility of bone.
M-CSF and receptor activator of NF-κB ligand (RANKL; an osteoclast differentiation factor) were shown to induce CD68 expression in osteoclasts. Mice lacking CD68 have skeletal abnormalities associated with increased trabecular bone. CD68-deficient osteoclasts had reduced bone-resorbing capacity. 68 Further studies are needed to determine the nature of functional defects observed in osteoclasts deficient for CD68.
CD68 IN CANCER
CD68 is broadly used as cancer-associated diagnostic and prognostic marker. It is used to identify neoplasms with macrophage lineage and also may be expressed by tumor cells from other lineages. Finding of CD68 expression by tumor cells is not surprising since metastatic tumor cells widely express immune markers to escape macrophage-mediated phagocytosis and cell-damaging effects from cytotoxic CD8 + T cells during invasion of a normal, non-tumor tissue environment. Macrophage molecular traits seem to be the most frequent immune antigens used by emigrated tumor cells including expression of various antigens such as CD14, CD47, CD68, MAC387, CD163, and DAP12. 69, 70 Indeed, overexpression of macrophage antigens in tumor tissue may indicate a prometastatic state and may be associated with poor prognosis. 71, 72 The molecular mechanisms leading to the expression of immune antigens by tumor cells remain still incompletely understood. The intercellular genetic exchange through cell fusion or release of exosomes may have a role in induction of immune markers in cancer cells.
Of course, the host body fights against the tumor and sends various immune cells to the tumor tissue including DCs and macrophages to induce and conduct the antitumor immune response. Macrophages are the most common type of tumorinfiltrating immune cells. 73 However, the tumor microenvironment is anti-inflammatory and immunosuppressive. This microenvironment switches the macrophage phenotype from a proinflammatory state (M1) to an anti-inflammatory state (M2). 74 Such CD68-positive macrophages are called tumorassociated macrophages (TAMs). TAMs acquire immunosuppressive properties and inhibit cytotoxic activity of CD8 + T cells in tumors. 75 A population of CD68-positive immature myeloid cells (called myeloid-derived suppressor cells (MDSCs) that inhibit proliferation and cytokine release by T cells was found to be present in glioma 76 and squamous cell carcinoma tumors. 77 These cells can be produced by the tumor microenvironment from circulating monocytes. 78 TAMs, MDCDs, and other tumor-associated immune cells compose the leukocytic infiltrate, of which TAMs are the major contributors. Indeed, higher expression of CD68 and other macrophage markers in the tumor stroma usually correlates with higher tumor grade, higher lymph node metastasis, and other malignant characteristics that characterize tumor progression and aggressiveness. [79] [80] [81] Except for evaluating tumorigenesis, TAM-associated CD68 expression levels can serve as a useful predictive marker for prognosis of survival of cancer patients. [82] [83] [84] In the phase III LYM-3001 study, Coiffier et al 85 showed a significant predictive value of a combination of low CD68 tumor expression and a genetic marker (proteasome subunit-β type-1 (PSMB1) PA11A G allele) for a longer progression-free survival of follicular lymphoma patients treated with bortezomib (proteasome inhibitor) and rituximab (anti-CD20 monoclonal antibody) vs treatment with rituximab alone. Indeed, these results suggest a potential role for assessment of CD68 expression in tumors to evaluate the efficiency and outcome prognosis of anticancer therapy.
However, there is a significant inconsistency in the assessment of CD68 immunostaining predictive power. For example, Steidl et al 86 suggested CD68 as a surrogate marker for macrophages. The authors 86 showed in the independent cohort of patients with classical Hodgkin lymphoma (cHL; a B-cell lymphoproliferative disorder) that the presence of less than 5% of CD68 + TAMs in the nodes correlated with longer progression-free survival after primary therapy and lower recurrence rates after autologous transplantation. However, these results were not clearly confirmed. 87, 88 Harris et al 89 suggested that CD163 staining is superior vs CD68 in the identification of TAMs in neoplastic nodes owing to lower background staining and less nonspecific staining of background inflammatory cells and Hodgkin cells. In addition, Klein et al 90 showed better predictive value using CD163 as a marker of TAMs for survival of cHL patients. Differences in the composition of the case series, technical variability, differences in clones used to produce the antibody, and different cut-offs for expression of TAM-associated markers could, in part, explain the discrepancy in results. Indeed, technical standardization as well as prospective validation in an independent series of cHL patients, with similar treatment protocols and comparable clinical stages, would be required before CD68 immunohistochemical staining is undertaken.
CONCLUSION
The function of CD68 in inflammation and carcinogenesis is insufficiently studied despite its routine employment as an immunochemical marker of macrophages and other mononuclear phagocytes. CD68 expression remains a valuable tool for the assessment of tumor grade, malignancy, progression, and metastatic potential.
Known natural CD68 ligands are limited to oxLDL, phosphatidylserine, apoptotic cells (due to the presence of phosphatidylserine in the plasma membrane), and notably the malaria sporozoite. The latter is important because it provides evidence for the involvement of CD68 in the life/infectious cycle of malaria plasmodium, a protozoan parasite. It seems that CD68 is not able to recognize bacterial and viral products. The heavily glycosylated extracellular domain of CD68 or its mouse ortholog macrosialin has a crucial role in ligand binding. However, a functional role of two a.a. tandemly repeated sequences located in the mucin-like domain is unknown. It would be interesting to know a role of this tandem in binding ligands, for example, oxLDL. It would also be helpful to extend the number of natural ligands capable of binding to CD68. This could provide new insights into CD68 function.
The contribution of CD68 to immunity remains to be investigated. It seems that CD68 does not have a central role in regulating innate and adaptive immune responses. However, some data indicates that CD68 could potentially be involved in the processing/recognition of antigenic peptides/moieties derived from oxLDL suggesting a possible role in atherogenesis that so far has proven elusive.
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